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PREFACE 


Thig te X\-5A Report No. 154, published in three volumes, which presents 
low and high speed wind tunnel test results for a 1/5-scale inlet model 

of the U.S. Army XV-5A Lift Fan Research Aircraft. The tests were 
conducted at the David W. Taylor Model Basin (DTMB) subsonic and 
transonic wind tunnel facilities d iring the period 4 April to 29 May, 1962. 


“ Tabulated data are:located in Volume II for the low speed tests (Mach 


0 to 0. 2), and in Volume III for the high speed teats (Mach 0. 4 to 0, 85). 
Summary tables, graphs, model description, instrumentation, conditions 
tested, validity of data and other information are presented in Volume I. 
In general, good repeatability of data was obtained, and with the exception 
of Run 1 data of the high speed tests and a few other isolated test points, 
the data presented are believed to offer a reliable basis for predicting air- 
craft performance. 


Thie is Volume I, 
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1.0 INTRODUCTION 


This report published in three volumes presents low and high speed wind 
tunnel test results for a 1/5-scale inlet model of the U.S. Army XV-5A 
Lift Fan Flight Research Aircraft. 


Testa were conducted at David W. Taylor Modei Basin (DTMB) by Ryan 
Aeronautical Company as a part of the XV-5A wind tunnel test program. 
Inlet performance data were obtained over the anticipated flight speed 
range of the XV-5A aircraft for a variety of inlet and model configura- 
tions. Low speed tests (M = 0 to .2) were conducted in the DTMB 8 x 10 
foot subsonic wind tunnel! facility during the period 4 April to 2 May 1962. 
High speed testa (M = .4 to . 85) were conducted in the DTMB 7 x 10 foot 
transonic wind tunnel facility during the period 24 May to 28 May 1962, 
Presentations in this report are limited to reduced test data, and infor- 
mation considered necessary for their proper interpretation. Evaluation, 
analysis and discussione relating to data use for predicting XV-5A air- 
craft performance characteristics will be presented in subsequent air- 
craft technical reports. All reduced pressure data obtained from the 
wind tunnel tests are presented in tabular form. Low speed data are 
located in Volume II and high speed data are located in Volume III. 


The following information is located in Volume I: 


The model description is located in Section 3.0; General sketches and 
photographs are presented in Figures 2-1] to 2-8 of Section 2.0; Detailed 
model drawings are located in Figures 7-1 through 7-10 of Section 7, 2; 
Photographs of the model installed in the low speed tunnel facility are 
shown in Figures 2-2 and 2-3; and in the high speed wind tunnel facility 


Figure 2-8, 
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2.0 MODEL DESCRIPTION AND TEST PROCEDURES 
2.1 MODEL AND INSTALLATION 


The Ryan XV-5A 1/5-scale inlet model was designed for testing in both 
low speed and high speed wind tunnels of the David W. Taylor Model Basin 
facility. The model was constructed and instrumented by Contour Com- 
pany, Rosemead, California according to specifications, drawings, and 
loft boards furnished by Ryan Acronautical Company. Model configura- 
tion flexibility was obtained through a series of interchangeable instru- 
mented components, including two canopy sections, three inlet sections 
and three inlet splitter sections which were attachable to the basic fuse- 
lage. Air flow passages were provided to sin.ulate engine air flow and 
boundary layer blecd ducts. Compatible and interchangeable sting adaptors 
attached to the model base permitted model installation on the mounting 
systems of both low specd and high speed wind tunnel facilities without 
modification. 


The model was constructed mostly of alternately oriented laminates of 
one-inch mahogany bonded with Penacolite to form a herringbone bond 
for added strength. The Penacolite bond is suitable for use to 120°F. 
The basic model component is the fuseluge section, which provides space 
for instrumentation and attachment of model interchangeable components, 
and which is attached to the sting adaptors for wind tunnel installation, 
Model fabrication tolerances related to loft boards were: external linus, 
+0.030; inlet lips, + 0.003; and inlet duct passages, +0.005 inches. 

Inlet lips were fabricated of aluminum. The model was finished with a 
highly polished paint. Component notation and model configurations 
tested are summarized in Table 2-1, 


Model instrumentation consisted of 153 total and static pressure probes 
generally located and identified in Table 2-2, Table 2-2 also references 
model drawings where detailed instrument location and identification may 
be obtained. A majority of the pressure probes were connected to three 
Scanivalves of 48 ports each. Simultaneous readings of all Scanivalve data 
were obtained by storing pressures in the storage manifolds by means of 
lockout valves. Stored pressures were fed to the Scanivalves, and trans- 
mitted to the recording system by two 5 psid and one 1 psid pressure 
transducers. 
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Data were recorded sequentially on punched tape, coded for the ALWAC 
III-E computer, and typed by a Friden Flexowriter. Test condition con- 
trol information was manually typed into the data recording system. Model 
engine air flow rates were controlled by remotely positioned conical plugs 
at the outlet of the model air flow passages. Since the plugs were sepa- 
rately controlled from fully closed to fully open positions, engine out con- 
ditions could be simulated. Only the left engine duct was fully instrumented. 
Thus in applying model data to the full scale aircraft, identical flow in 
both ducts is expected at all angles of attack for zero sideslip angle, while 
unequal flow is expected during sideslip angle studies, so that both 
positive and negative values must be considered to determine inlet perfor- 
mance during sideslip conditions. Flow control instrumentation (see 
Table 2-2) was provided in the calibrated model venturi section of both 
engine air ducts and photographically recorded from manometer boards. 

In the low speed tests engine air flow was obtained by drawing air through 
two 4.0 inch hoses connected to an external suction system provided by 

the facility. This system also served to calibrate the venturi section of 
the model. 


2.2 TEST PROCEDURE 


Prior to model installation in the low speed wind tunnel, model instrumen- 
tation was thoroughly checked for defects resulting from shipping and/or 
handling. Except for the pressure probes noted in Table 2-3, all instru- 
mentation was considered in workable order. Periodically throughout both 
low speed and high speed wind tunnel tests, pressure checks were made to 
determine the validity of the pressure probes. Any discrepancies were 
noted and indicated on the output data. Transducer calibrations were ob- 
tained by applying known pressure differentials and noting the number of 
counts on the recorder system. 


In general, the test procedure followed in both low speed and high speed 
wind tunnels consisted of the following steps: 


1. Installation of model configuration in wind tunnel. 

2. Establishment of wind tunnel speed. 

3. Adjustment of mode! air flow rate. 

4, Setting of model attitude by varying pitch (a) and sideslip ( f) angles. 


The variables in each step were investigated until the desired matrix of 
test data for each configuration was obtained. In the low speed facility, 


tunnel speed was controlled by dynamic pressure and all pressure data 
were referenced to barometric data. In the high speed facility, tunnel 
J speed was controlled by Mach number, and all pressure data were refer- 
enced to total pressure. Definition of terms are presented in Table 2-4, 
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TABLE 2-1 
XV-5A INLET MODEL 


CONFIGURATION NOTATION AND CONFIGURATIONS ‘TESTED 


Configuration Notation 


1 Basic Canopy 

2 Cut Down Canopy 

0 24E Oval Inlet 

1 JOE Oval Inlet 

2 Dual Inlet 

0 Short Splitter Plate 

1 Long Splitter Plate 

S$ 2 Dual Iniet Splitter Plate — 

BO Boundary Layer Duct Plug Closed 
Bil Boundary Layer Duct Plug Open 
E 1 Single Engine Operation 

E 2 Two Engine Operation 


Low Speed * 
Configurations Tested Wind Tunnel 


CI SBE 
11112 
10112 
11012 
11002 
10012 
10002 
12212 
12202 
21112 
11111 
10111 
10011 
12211 
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* X Indicates configuration tested 
- Indicates configuration not tested 
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High Speed * 
Wind Tunnel 


~~ 
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GENERAL LOCATION OF INSTRUMENTATION 
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TABLE 2-2 
XV-5A INLET MODEL 


Reference * 


Pressure Tube General Designation Figure 

101 - 130 Compressor Face Rake Total Pressure 7-9 

131 - 142 Boundary Layer Rake Total Pressures 71-8 

143 - 144 Boundary Layer Duct Total Pressures 1-1 

201 - 206 Compressor Face Wall Static Pressures 7-8 

207 - 212 Compressor Bullet Wall Static Pressures 7-9 

213 - 224 Inlet Top Static Pressures 1-3 

226 - 236 Inlet Side Static Pressures 7-8 

237 ~- 246 Inlet Splitter Static Pressures 71-8 

301 - 309 Inlet Bottom Static Pressures 

310 - 320 Nacelle Top Static Pressures 7-8, T-1 § 
321 - 329 Nacelle Side Static Pressures 7-8 ) 
330A - 334A** Canopy Side Static Pressures 7-1 5 
335 - 342 Canopy Center-line Static Preasures 1-1 

343 - 344 Canopy Side Static Pressures 1-1 

401 - 404 Flow Meter Rake Tota! Pressures 1-6 

406 - 408 Flow Metor Wall Static Pressures 1-6 

409 - 412 Flow Meter Rake Total Pressure 71-6 

413 - 416 Flow Meter Wall Static Pressures 1-6 


* 


See Report No. 154 Volume I. 


** Tubes 330 - 334 were replaced by 330A - 334A. 
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TABLE 2-3 
XV-5A INLET MODEL 
IDENTIFICATION OF DEFECTIVE PRESSURE TUBES DURING TEST 


Low Testa 


All Runs 


Component 
Fuselage 233, 334 
Canopy Cl 331 
Inlet 10 214, 215, 234, 310, 326 
11 223, 226, 230, 321, 325, 326 
12 217, 237, 240, 310, 312, 316, 327, 328, 329 
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TABLE 2-4 
DEFINITION OF SYMBOLS AND TERMS 


Definition 
Area of compressor face 
Area of inlet throat 
Barometric pressure 
Pressure coefficient 
Acceleration of gravity = 32,174 
Compressor face total pressure variation factor 
Compressor face static pressure variation factor 


Mass flow ratio referenced to critical mass flow at 
inlet throat 


Mach number at compressor face 
Free stream Mach number 
Average st*.tic pressure engine bullet, tubes 207-212 


Average static pressure compressor face wall, 
tubes 201-206 


Static pressure 

Maximum static pressure, tubes 201-206 
Minimum static pressure, tubes 201-206 
Static pressure tube n 

Free stream static pressure 


Total pressure 


SY SRE SS «TL TEP NEp a 


Units 


ne 


fa 

inches H 
g 

None 

ft/ er 

% 

% 


None 


None 
None 
lb/ Ke 


lb/ ine 


Ib/ in? 
Ib/ in? 
lb/ in 
Ib/ in? 
Ib/ in? 


lb/ fac 
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Symbol 


te 


t max 


t min 


P, /P 


tc to 


m/m* 


TABLE 2-4 (Continued) 
Definition 


Average total pressure at compressor face, 
tubes 101-130 


Maximum total pressure at compressor face, 
tubes 101-130 


Minimum total pressure at compressor face, 
tubes 101-130 


Free stream total pressure 

Inlet total pressure recovery factor 
Free stream dynamic pressure 

Gas constant for air = 1716.322 

Tunnel temperature 

Compressor face total temperature T + 459, 69 
Model air flow rate at compressor face 
Model angle of attack 

Model angle of sideslip 

Ratio specific heats for air = 1.4 

= (Pan - Pgo)/4q or 

- (Pan . Pao / Po seabed 

= (Pt max - Pt min/ Pte 


= (Pg max Pamin)/ Pte 


Units 


lb/ fae 
Ib/in” 
lb/ ie 


lb/ ‘ac 
None 
lb/ ine 


ft?/ ee” . 


R 
°F 

°R 

lb/sec 
Degrees 


Degrees 


None 
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TABLE 2-4 (Continued) 


Definition 


(2/y -1) 


me [ Pte Pge 
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- 1/2 
(2/y -1)¥/? [Po/p,.) v= 1 -1] / 


Y Mo Pgo/2 


& Mg Ac Pte (¥/ ny? 
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3.0 TEST RESULTS 


All reduced data obtained from low speed wind tunnel tests (0 = My = 0.2) 
for the conditions of Table 3-1 are presented in Tables 3-2 through 3-9 
of this volume. When two values of m/m* are given in the tables, 
the values are for the left and right hand inlet ducts respectively. 

A single value of m/m* indicates left and right inlet ducts are operating 
at essentially equal flows (within + 0.5% or that only one engine is opera- 
tive (Eng. 1). In addition to the defective tubes of Table 2-3, certain 
tubes developed leaks or constrictions during the tests; either in the model 
or the readout instrumentation. An effort was made to identify the tubes 
by overlining the questionable data. Also parts of the data for tubes 131 
and 134 are overlined, since they were cross-connected for a portion of 
the tests. When the Scanivalve capacity was exceeded, data was labeled 
n.g. (this is equivalent to blowing a manometer tube for a specific test 
point). Tabular headings, identification of instrumentation, symbols, 
and supporting equations are defined in Tables 2-] through 2-4. 


a, 


The reported mass flow ratios (m/m*) for the low speed tests were based 
on a compressor face to inlet throat area ratio of 1.0177. Review of in- 
let model loft boards show this ratio should have been 1.0288; therefore, 
although of small effect, values of m/m* quoted in Tables 3-2 through 
3-9 should be increased by a factor of 1.0109. 
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TABLE 3-1 
I.OW SPEED WIND TUNNEL RUN INDEX, 0 = M < 0.2 
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2 means p/P tubes 101 to 130 plotted in Figures 4-37 through 4-47 of Volume I. 
3 means Cp tubes 310 to 344 plotted in Figures 4-48 through 4-81 of Volume I. 
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TABLE 3-1 (Continued) 
Configuration C11181B1E2 





TABLE 3-1 (Continued) 
LOW SPEED INDEX 
Configuration C111S1B1E2 


ieee tee mn Data Tabulated Data CASE 
[nt _| Plotted 


ir 
C= ee ve 





Tou] x 
t i] 
‘ Nv 
QQ 
el 








aL 
eqdagoale 
SAT NN aN 
RIQSENTN 
AlAiAlA 


27a eye 





229 
24-10 
5-12 
24-145 
eselh 
1) 
5-16 

5-1 
5-19 


N 
A 


w 
i in 


L23- 
Li 

vod 

9 


¥ 
| BA 


Leg-11 
2 


¢ 


re ° 
a 5 ; 
t i] (] ] t 
wN —~N 
QS C N PREC 
satala |] ria 
\ 


- 


| 








Oja 
Pn] th NGS DT COPON aad 
rf ep epabrpe> opepada 
sls |sieade [= l= |= [= 12 
orn Ketm acd mate KeUm gare BG BOCl hace 9. 
4/4} A} afayal Al alate 





L2h-1Pp 
27-1 
27-2 


t : 
ajo 















Ay bell be 
cul cul cul 
af 4] 4 





27- 
L27 


\o 
— 


i 











239 
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LOW SPEED INDEX 
Configuration C1I1S1B1E2 
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TABLE 3-1 (Continued) 
Configuration CLIOS1B1E2 
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LOW SPEED TEST DATA 
In the following Table, it should be noted that: 
© Tubes 330-334 should read 330A-334A, 
e Tubes read horizontally and consecutively. 


e Pressure data struck out by lining indicates 
defective reading due to leakage, line plug, etc. 
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